INTRODUCTION
To enhance science and mathematics learning in schools across the world, teachers need extensive opportunities to further develop knowledge and skills in both content and teaching in effective professional development (PD) settings (NRC, 1996; NCTM, 1991) . This requires the design of effective learning environments for teachers (Bransford, Brown, & Cocking, 2000) , including the use of successful PD strategies Assessment-Centered: Continuously monitors and assesses teachers' thinking and understanding and provides feedback and opportunities for revision.
Therefore, PD must consider teachers as learners and build on participants' knowledge, skills, and beliefs; focus on knowledge and practice; provide opportunities for feedback, revision, and success; and require interactions with others (Bransford, Brown, & Cocking, 2000) . However, many PD programs for science and mathematics teachers fall short of accomplishing this design because they fail to consider teacher background, experience, knowledge, beliefs, and needs (LoucksHorsley, Love, Stiles, Mundry, & Hewson, 2003) . As a result, PD design has not given sufficient attention to the learner-centered or assessment-centered perspectives necessary for effective learning environments for science and mathematics teachers. Moreover, to create a more coherent PD system, attention to the learner-centered and assessmentcentered perspectives should be considered for individual teachers, schools, districts as well as at the state level as argued by Corcoran (1995) :
Historically, state policymakers have paid little attention to the form, content or quality of professional development. Such matters have been left to the discretion of local boards of education and district administrators. However, if today's teachers are to be adequately prepared to meet the new challenges they are facing, this laissez-faire approach to professional development must come to an end. The needs are too urgent and resources too scarce to simply continue or expand today's inefficient and ineffectual arrangements. (p. 1)
In some cases, effective and coherent PD for science and mathematics teachers in the U.S. has been designed and implemented at the school or district level (e.g., Elmore, 2002) , especially in the cases of the districts receiving federal grants (e.g., National Science Foundation Local Systemic Change, Teacher Enhancement, or Mathematics and Science Partnership grants). However, these opportunities have been limited to a relatively small number of U.S. districts. Alternatively, individual science and mathematics teachers have pursued PD opportunities offered by higher education institutions, regional PD centers, and professional organizations such as the National Science Teachers Association (NSTA) and the National Council of Teachers of Mathematics (NCTM). Again, these opportunities have been limited to a relatively small number of teachers. Most U.S. school districts do not have the necessary resources to design, implement, and fund the PD that is required to improve the teaching and learning of science and mathematics. Therefore, in the U.S. it is necessary for most school districts to draw on and coordinate with other state resources such as government agencies and higher education institutions to develop a coherent PD system as Desimone, Porter, Birman, Garet, & Yoon (2002) proposed:
One method of designing and developing a program of professional development is to align the activities, pedagogy, and curriculum with standards and assessments adopted by the state or district and to coordinate funding with other programs in the state and district to develop a coherent professional development reform strategy. (p. 1269) It is necessary to assess and identify the PD needs, expectations, experiences and constraints within states in order to develop more effective PD systems and reduce obstacles. This examination also needs to consider issues related to differentiation among teachers. For example, more experienced teachers have different professional needs than novice teachers. PD needs in rural and urban settings vary; many schools within a state do not have ready access to higher education institutions or regional PD centers due to their remote location.
Purpose of the Study
The purpose of the current study was to examine, on a state-wide basis, the PD experiences, needs, expectations, and constraints of middle and high school science and mathematics teachers.
The research questions that guided the study were:
• How do science and mathematics teachers perceive their PD experiences? • What do they perceive as their PD needs?
• What are their expectations for effective PD?
• What constrains them from participating in PD?
• How do the experiences, needs, expectations, or constraints differ for science and mathematics teachers and across subgroups?
Literature Review
Professional development is an intensive, ongoing, and systemic process that aims to enhance teaching, learning, and school environments (Fenstermacher & Berliner, 1985; Elmore, 2002) . Researchers have argued that effective PD is critical to enhancing teacher and student learning as well as the organizational structures of school environments (e.g., see research conducted by Fullan; Sparks; Loucks-Horsley; Hall; Hord; Guskey; Lieberman; & Smilie). As a result, a number of researchers have investigated and documented effective PD at the district and school levels (Elmore, 2002) . A consensus view of how PD should be designed and implemented exists (Bransford, Brown, & Cocking, 2000; Elmore, 2002; Loucks-Horsley, Love, Stiles, Mundry, & Hewson, 2003) . For example, Kennedy (1998) noted that PD experiences focused on subject matter knowledge and knowledge of students were more likely to have a greater impact on student learning than PD focused on teaching behaviors.
Researchers have also examined teachers' views and expectations regarding PD. For example, Park Rogers et al., (2007) found that both teachers and PD facilitators considered classroom application, teachers as learners, collegiality and collaboration as the important characteristics of PD. When Wilson and Berne (1999) observed PD and interviewed participants, teachers reported that they enjoyed PD that was relevant to their practice. In addition, teachers' beliefs, background, social influences, and practical circumstances shaped their reactions to PD (Wilson & Berne, 1999) .
The typical PD experience for science and mathematics teachers is not aligned with teacher expectations or essential characteristics of effective PD identified in the literature. A number of factors influence this reality. First, the investment in PD has been insufficient; schools spend only 1-3% of their operating budgets on PD (Bransford, Brown, & Cocking, 2000) . In addition, Randi & Zeichner (2004) argue:
Not all districts spend professional development funds wisely. One study, for example, conducted a cross-case analysis of professional development spending in seven elementary schools in a large urban district. Schools within the district varied widely in their levels of professional development funding, depending on school performance, availability of discretionary funds, and staff preferences (Fermanich, 2002) . Other research found that even when districts allocate considerable funds for professional development, most of the investments are spent on district-controlled activities, typically in ineffective ways and for unclear purposes (Corcoran, 1995). (p. 197) Second, science and mathematics teachers participate in a limited amount of PD. For example, from a national survey of 5,765 teachers, Weiss et al., (2001) reported that over 50% of science and mathematics teachers had participated in less than four days of subject-related PD in the previous three years. Third, typical approaches and formats to PD are antithetical to research on effective teacher learning (Bransford, Brown, & Cocking, 2000) . Teachers do not have opportunities to determine the content or format of school-mandated PD (Bransford, Brown, & Cocking, 2000) . The workshop is the most common teacher reported form of PD (Weiss, Banilower, McMahon, & Smith, 2001 ) and typical "one-shot" workshops deal with decontextualized information and often do not resonate with teachers' perceived needs (Bransford, Brown, & Cocking, 2000; Wilson & Berne, 1999) . A National Center for Education Statistics study (U.S. Department of Education, 2001) surveyed 5,253 public school teachers in 50 states and the District of Columbia and found that teachers most frequently reported participating in PD related to state or district curriculum and performance standards at the district level. Furthermore, when teachers participate in PD, most of these experiences are disjointed and disconnected from classroom practice (Garet, Porter, Desimone, Birman, & Yoon, 2001 ). Finally, teachers often regard PD as having little impact on their responsibilities, and therefore, meaningless and a waste of time (Guskey, 2000) . It is not surprising that less than a third of a national sample of teachers who participated in PD indicated that they changed their teaching practice as a result (Weiss et al., 2001 ). Ball and Cohen summarized, "Teacher learning has traditionally been a patchwork of opportunities-formal and informal, mandatory and voluntary, serendipitous and plannedstitched together into a fragmented and incoherent 'curriculum'" (as cited in Wilson & Berne, 1999, p. 174) .
As demonstrated above, typical PD structures for science and mathematics teachers in the U.S. are problematic and have a limited impact on teacher practices or student learning (Weiss, Banilower, McMahon, & Smith, 2001 ). This suggests that there are obstacles that hinder the design and implementation of effective PD. Zimmerman and May (2003) surveyed principals from 450 schools in Ohio to identify obstacles to effective PD. Principals identified lack of time, lack of money, limited perceptions of teachers' roles as professionals, lack of both internal and external support for teachers, and difficulty of finding substitute teachers as the most common barriers to PD.
The PD research and policy literature clearly outlines problems with the current PD system for science and mathematics teachers in the U.S. Coordinated efforts to improve PD will require a state-level analysis related to teacher workforce as well as to PD resources and learning environments. The current study, building on prior research efforts, was designed to better understand the state-level PD context to assist future efforts at improving PD for science and mathematics teachers. 
METHODOLOGY

Instrument
We designed a PD survey, using existing items, such as those available from Horizon Research, Inc. (2003) and creating new items, to collect data about science and mathematics teachers' experiences, needs, and expectations regarding PD. The survey consisted of 10 questions, including Likert scale, constructed response, and open-ended items, as well as a demographics section about school setting, teacher education, and teaching experience. The full survey is available at http://www.teach-math-or-science.org/docs/ PD_inventory_Summary.pdf.
Data Collection and Analyses
We mailed the survey to a stratified random sample of 1000 science and mathematics teachers, grades 6-12 from the state database of all science and mathematics teachers in the state of Missouri (N=7150). We stratified the sample by subject (science, mathematics, and both), grade level (middle or secondary), and county size (small, medium, and large). Every teacher in the sample was sent a letter describing the study, a letter concerning human subjects consent in addition to the survey including a return stamped envelope. We sent two follow up mailings to non-respondents. Surveys were coded to enable the team to ascertain the corresponding respondent within the subgroups. A total of 241 teachers across all subgroups returned the surveys (see Table 1 ).
Using the population size of 7150 Missouri science and mathematics teachers, we determined the confidence level of our results using the following equation: Data analyses included quantitative and qualitative methods. Quantitative analyses involved comparing different groups of teachers for differences in the frequency of their responses. We calculated chi-squared values from the contingency tables derived from these frequencies.
To determine significance in the differences observed between science and mathematics teacher responses regarding teaching and learning, we carried out two different analyses. First, we paired science and mathematics teacher responses for each sub-item and calculated the χ2 statistic using 2x2 contingency tables.
Then we compared teacher priorities in terms of their PD needs by pairing off each of the different ranges of teaching experience and calculating Spearman's rank correlation (rs) for each of the pairings, considering the rank for each particular item by the percentage of teachers selecting it.
Qualitative analysis involved coding data from the open-ended items into thematic categories. The openended questions asked the respondents to determine the characteristics of effective and ineffective PD, and then asked them to create their ideal PD. We began the analysis process by reading open-ended responses in the survey for comments related to teachers' PD experiences, needs, and expectations. We coded the data into thematic categories, which required several rounds of reading data, coding phrases, discussing possible categories and themes, and refining the definitions of each category. After the saturation of coding, we coded the remaining data using the list of categories we had developed. Next, we developed a frequency chart that included the number of comments for each coding category. This synthesis helped us to see which categories were discussed more frequently. We also compared the categories across years of teaching experience among the respondents. Then, we developed a set of assertions about teachers' PD expectations and returned to the data to find specific examples that supported our assertions. Finally, we compared and made connections between quantitative and qualitative data in order to answer the research questions.
RESULTS
The results are presented in three sections that reflect the research questions in relation to teacher PD experiences, needs, and expectations. Table 2 shows the number of hours respondents reported they spent in PD activities within the last 12 months and the last three years. Teachers were asked to include attendance at professional meetings, workshops, and conferences, as well as job-embedded PD, but not to include formal courses for which they received college credit or time spent providing PD for other teachers. Fifty-seven percent of the teachers reported spending 15 or fewer hours in PD within the last 12 months and 50% of the teachers reported spending less than 35 hours during the preceding 3-year period. Table 3 summarizes the types of PD activities in which respondents reported involvement within the last three years. The most common type of PD activity that the science and mathematics teachers reported was reading professional literature. The least common type of PD activity the teachers reported was collaboration with other teachers using telecommunications.
Teacher Professional Development Experiences
When we compared the PD activities of urban, rural, and suburban teachers, we found four significant differences (see Table 4 ). Urban and suburban teachers reported more frequent opportunities to observe other teachers teaching, meet in study groups, read the professional literature, and serve as a mentor or peer coach than did their colleagues in rural settings.
We also asked teachers to report on the types of PD leadership activities that they had undertaken over the previous 12 months (see Table 5 ). The most common type of leadership activity that the science and mathematics teachers reported was serving on a school or district science/mathematics curriculum committee. The least common type of leadership activity reported was receiving a grant or award for science/mathematics teaching. Observed other teachers teaching science/math as part of your own professional development (formal or informal) 58
Completed a college/university science/math course 43 Completed a college/university course in the teaching of science/math 35 Served as a mentor and/or peer coach in science/math teaching, as part of a formal arrangement that is recognized or supported by the school district not including supervision of student teachers 27 Collaborated on science/math teaching issues with a group of teachers at a distance using telecommunications 13 Teacher Professional Development Needs Table 6 summarizes the perceived needs of science and mathematics teachers for PD about various pedagogy topics. The top six perceived needs were the same for both science and mathematics teachers and the order of these needs was almost identical. Likewise, the bottom three needs were the same for both groups. Respondents noted a greater need for PD about critical thinking, strategies related to inquiry or problem-based approaches, student learning, making connections with the real world, and the use of technology in teaching both science and mathematics. Addressing the needs of English as a Second language (ESL) students and involving girls or minorities were reported as lower needs for PD. Table 6 also presents a χ2 comparison between science and mathematics teacher respondents. We found no significant difference between science and mathematics teachers except for three topics: how students learn particular topics in science/mathematics, inquiry or problem-based science/mathematics curriculum, and co-operative/collaborative learning in science/mathematics. In these three cases, mathematics teachers reported a greater need for PD than did science teachers.
We also compared perceived needs in terms of years of teaching experience for science teachers (Table 7) and mathematics teachers (Table 8) . Using a Spearman's rank correlation index, we found significant correlations across all levels of teaching experience related to the ranking of perceived needs for PD. In the case of science teachers, those with 0-2 years of experience only show significant correlation in their ranking of needs with those in the 6-10 years of experience and 11-15 years of experience groups. Regarding science teachers with 0-2 years of experience, the most significant difference in our findings was the fact that addressing the needs of ESL students and involving girls and minorities were ranked among their top 5 perceived needs. In the case of mathematics, correlation was less between those teachers with 0-2 years of experience and the other groups. Tables 9 and 10 summarize teachers PD needs in terms of specific science and mathematics content topics. Science teachers ranked physics, chemistry and earth sciences topics higher than biology topics, except for genetics and evolution which ranked 5th with 45.9% of the teachers selecting it. The top-ranked topics where: electricity and magnetism (55.7%), energy and chemical change (50.8%), climate and weather (49.2%) and modern physics (46.7%). Mathematics teachers wanted PD about the following topics: technology in support of mathematics (60.5%), topics from discrete mathematics (54.6%), probability (51.3%), statistics (45.4%) and patterns and relationships (43.7%).
Teachers' needs for PD can also be discerned by their perceptions of constraints to participating in PD. Constraints that limit participation in PD as reported by respondents in different school settings (urban, suburban and rural) are detailed in Table 11 . We ranked the constraints according to a weighted index derived from individual teacher ratings. The most constraining factor reported was time conflict, which ranked among the top two factors for respondents in all school settings. The least constraining factor reported was the availability of substitutes, ranking in the bottom two factors for respondents in all school settings. When we removed these two issues from the analysis, we found no significant correlation by school setting (using Spearman's index). Location of PD was considered more of constraint for rural teachers, while lack of interest in the available PD topics was considered more constraining by teachers in suburban settings. The perceived value given by the district to PD was a more important issue for teachers in urban settings.
Teacher Professional Development Expectations
To understand teachers' expectations for PD, we analyzed 215 responses to two open-ended items about the characteristics of effective and ineffective PD and 191 responses to an open-ended item that asked them to design an ideal PD experience in terms of length, location, topics, delivery formats, participants, and facilitators. When designing their ideal PD, respondents took into account their previous experiences with effective and ineffective PD. We found a great amount of similarity across the responses regardless of teachers' subject matter, school setting, or years of experience as we discuss below.
Professional Development Topics
The teachers identified both science and mathematics content topics and pedagogy topics. The most frequently mentioned topics were:
• Subject specific topics (e.g., biology, chemistry, electricity, algebra) that are aligned with state standards and tests • Instructional strategies (e.g., inquiry, cooperative learning, motivation techniques, critical thinking)
• Lab/hands-on activities • State standards and standardized tests Some differences appeared in preferred topics in relation to years of teaching experience. Teachers with 0-5 years of experience mentioned both subject-specific topics and instructional strategies with equal frequency. Although some of the teachers with six or more years of experience mentioned content knowledge as part of their ideal PD, the majority of them expected the PD to address instructional strategies and activities that they could use with their students. Technology integration was another topic raised more often by the experienced teachers than the beginning teachers. Additionally, this topic was raised more frequently by mathematics teachers than science teachers. The more experienced teachers also mentioned an expectation that PD would help them improve their teaching in order to increase students' standardized test scores or to meet the state standards. None of the beginning teachers mentioned standards or testing, and only 3 of 37 respondents with 3-5 years experience did.
Effective PD Delivery
Teachers noted that the PD effectiveness was related to its relevance, delivery style, and opportunities to network with other teachers.
These views held regardless of years of teaching experience or subject (science or mathematics). Respondents indicated that PD was most effective when it was relevant and useful in their classrooms. They described relevance as meeting one or more of the following criteria:
PD topic is focused on the content and grade level they teach.
PD participants include those that teach the same content they teach.
PD is aligned with state, district, and grade level curricular goals.
PD is not overly theory-laden, but focuses on classroom-based practice.
The ideas presented are practical for the classroom setting.
They will learn something or have a product that they can "use tomorrow in class."
Respondents commented frequently that PD effectiveness depended, in part, on delivery style. In particular respondents mentioned:
PD should be well organized and well structured, including efficient use of time.
PD should be well focused and preferably focused on a few big ideas.
PD should be convenient in terms of location and schedule.
These characteristics of effectiveness in delivery were mentioned by both science and mathematics teachers of all levels of experience. One additional criterion mentioned by a few of the more experienced teachers in regard to delivery characteristics was that they did not want PD forced on them by district or state mandates.
Most likely the beginning teacher respondents had not yet experienced problems with mandated PD given their strong incoming need for continuing education.
Respondents wanted to be engaged as learners. They preferred interactive PD experiences. Most of the teachers preferred PD providers to present the activities and instructional strategies that the teachers could use with their own students as the following responses illustrate. Give us (teachers) activities the students would be doing. The facilitator has to remember several of us have 30+ students in a room. We need activities to do w/ large groups and students of low to med. ability. (6-10 years experience)
Hands-on active learning-model good teaching / instructional strategies. Not just "cute" activities. (6-10 years teaching experience)
Half sit & listen, half get up & practice. Time could be given to actually develop strategies with my fellow teachers on how to improve my instruction in the classroom. (6-10 years teaching experience)
At the same time, teachers want to be considered as adult learners, not as students as the following responses demonstrate.
Tell me how to set it up or use it-I hate having to do what the kids would do. Give me the information and treat me professionally. (16-20 years experience) Do not make participants do activities that are designed for young students-it loses relevance. (6-10 years experience) I like to just listen and see/hear how the lesson/topic is taught. I also like to see student work if there are activities/projects involved. (6-10 years experience)
Respondents valued PD experiences in which interaction with peers was an explicit feature. They mentioned two ways in which networking with other teachers was valuable.
First, they appreciated opportunities to get ideas from other teachers about how to implement innovations in their classrooms. Second, they wanted time to share situations and problems they faced in their own classrooms with other teachers in order to find practical solutions. The following response illustrates these ideas:
I think a discussion session among teachers teaching the same courses would be ideal. We could share learning strategies, homework collection ideas, activities, etc. (26+ years teaching experience)
These delivery formats for effective PD were mentioned by teachers from every experience group. Additionally, respondents with more than two years of experience made three other comments about PD effectiveness. First, they wanted PD that focused on new ideas, rather than rehashing topics they had previously learned. This desire most likely stemmed from their more extensive experience with teaching and PD. Second, the more experienced teachers found that PD was most effective when it was sustained over time rather than a "one shot deal." These teachers wanted ongoing, job-embedded PD. They did not want their time wasted, but they were willing to invest in PD over the long term as long as the content was new and relevant. Third, a few of the experienced teachers mentioned that effective PD included learning about assessment of student performance and ultimately resulted in improved student achievement.
Participants and Facilitators
Although most respondents preferred to attend PD with teachers from similar grades and subjects, some mentioned that PD should occasionally include participants from different fields (e.g., combining science and mathematics teachers, or teachers and administrators). Respondents believed that these individuals should have similar interests and be willing to share their experiences and expertise. Some respondents remarked that ideal PD is not mandated from above, but involves willing participants.
Age-specific teachers, administrators that would be interested. Content-specific teachers for one day and cross-content science teachers for additional viewpoints. (0-2 years teaching experience) Volunteers (teachers that want new ideas). Forced professional development leads to lots of unhappy people (3-5 years experience)
Teachers held high expectations for PD facilitators. That is, they wanted facilitators who were knowledgeable, motivating, interesting, and credible (in touch with classrooms), and who treated them in a professional manner. The majority of respondents preferred experienced teachers who had been successful in classroom teaching and improving student achievement to facilitate the PD. Moreover, they valued facilitators with experience in their school district or in a similar school setting.
Teachers that use these things and can tell you how to get started, trouble shoot, etc. (21-25 years teaching experience)
A teacher who taught in a disadvantaged district for many years and had success with student achievement. Some of the more experienced teachers put a premium on facilitators who were knowledgeable and understood classroom teaching at a particular grade level, regardless of an individual's current position. These respondents expected experienced teachers, university professors, and other experts to be ideal PD providers.
Middle school science teachers who have successfully used the activities being presented or college instructors who work with middle school science. (26+ years teaching experience)
The person should have "lived" this situation with 1st hand knowledge & experiences. (26+ years experience) Someone who has realistic experience with teaching mathematics to middle school age people. (21-25 years experience)
The respondents to this needs assessment were consistent in their ideas about the characteristics that contribute to effective PD. They wanted 1) to learn both science/mathematics content and pedagogy that is aligned to standards and relevant to their classrooms, 2) to be engaged both as learners and as teachers, 3) to have opportunities to interact with other teachers in meaningful ways, and 4) to have facilitators who are organized, knowledgeable, and who understand the exigencies of schools and classrooms.
CONCLUSIONS
The findings from this study suggest that mathematics and science teachers participate in a minimal amount of PD and that a number of factors contribute to this reality (e.g., location of PD opportunities). Over the past three years only 50% of the teachers participated in a total of more than 35 hours of PD activities (including reading professional literature). This is similar to the results from the 2000 National Survey of Science and Mathematics Education (Weiss, Banilower, McMahon, & Smith, 2001 ) where 17-23% of grade 5-8 teachers and 31-45% of grade 9-12 teachers reported participating in more than 35 hours of professional development in the last three years. A study of the National Science Foundation-funded Local Systemic Change (LSC) PD Initiative suggests that this minimal amount of PD is insufficient for improving the teaching and learning of science and mathematics. Teachers who participated in 60 or more hours of LSC PD were more likely to report an impact on their content preparedness than teachers with fewer than 60 hours (Shimkus & Banilower, 2004) . Furthermore, Bowes and Banilower (2004) found that lessons were more likely to be rated highly for actively involving all students, engaging students intellectually, and creating a climate of respect and rigor when taught by teachers with higher levels of LSC PD.
Science and mathematics teachers who responded to our survey also indicated that they do not experience effective PD learning environments described by Bransford, Brown & Cocking (2000) :
Community-Centered: The PD experiences have not provided opportunities for teachers to build collaborative relationships with colleagues, and to enhance participation in educational research and practice.
Knowledge-Centered: PD experiences have not focused on the necessary science/mathematics content nor have they been designed to enhance the teaching and learning of science and mathematics.
Learner-Centered: PD experiences have not built on the knowledge, skills, attitudes, and beliefs that teachers bring to the educational setting.
Assessment-Centered: PD experiences have not involved a process of assessing teachers' thinking and understanding, providing feedback, or opportunities for revision.
Our data also indicate that rural teachers have significantly less opportunities to meet with other science and mathematics teachers and to observe other teachers teach science or mathematics. This would be explained by the fact that in many cases teachers in rural communities have sole responsibilities for teaching specific courses.
Teachers preferred PD that was specific to their grade level, content, and classroom practice. This suggests that PD needs to be tied to specific grade levels or courses, as well as to instruction and student thinking. Appleton (2005) indicated that teachers, both novice and experienced, use activities that work as a central role in the development of their knowledge. This supports our finding that teachers expected relevant and useful classroom ideas as part of PD. The relevance of classroom ideas is also related to teacher experience. In some cases, beginning teachers expressed different PD needs than did more experienced teachers. This suggests that, for example, high school biology teachers with less than two years of experience might need PD opportunities with more experienced biology teachers, as well as opportunities for PD with other novice teachers.
IMPLICATIONS
The results from this study as well as others (Weiss, Banilower, McMahon, & Smith, 2001) indicate that there is a mismatch between teachers' perceptions of their PD needs and their PD experiences. In order to organize successful PD that improves teaching practice in large numbers of classrooms (Corcoran, 1995; Elmore, 2002) , understanding and addressing teacher PD expectations, experiences, needs, and constraints is essential. This suggests government agencies, organizations, and school districts responsible for funding, designing and facilitating PD must:
Seek input from teachers regarding PD through surveys, focus groups, or other mechanisms.
Work together to consider the recommendations that have been identified in the PD research and policy literature (e.g., Ball & Cohen, 1999; Corcoran, 1995; National Staff Development Council, 2005) .
Invest more resources in preparing and supporting PD facilitators, especially those who have successful classroom experience.
Consider the PD needs of all teachers, especially those who do not have regular access to effective PD opportunities.
In Missouri, 3,293 of the 7,150 mathematics and science teachers (46%) teach in counties with populations of less than 100,000. Structures need to be created to support the professional growth of this large, isolated group of teachers. Most U.S. school districts and likely many school systems throughout the world do not have the necessary resources to design, implement, and fund the PD that is required to improve the teaching and learning of science and mathematics. Therefore, it is necessary for most school districts to draw on and coordinate with other state resources such as government agencies and higher education institutions to develop a coherent PD system. This would require designing and facilitating PD in regions throughout a state in coordination with school districts so that teachers can be released from teaching responsibilities in order to participate. For example, an ongoing series of PD could be designed to meet the needs of high school biology teachers within a certain region of a state. This focused PD would have the potential to address the four perspectives of effective learning environments identified by Bransford, Brown & Cocking (2000) , teachers' expectations for effective PD identified in this study, and prior recommendations identified in the PD research and policy literature.
In addition to implications for policy and practice, the findings from this study suggest implications for future research efforts. Research is needed to more carefully examine PD design and implementation as it relates to specific groups of teachers (e.g., level of experience, content area, grade level, type of school) and the four perspectives of effective learning environments outlined by Bransford, Brown, and Cocking (2000) . In addition, more research efforts need to investigate PD practices at the state, regional, national, and global levels as we work toward a more coherent PD system for mathematics and science teachers.
The current political and economic context in the U.S. that led to the National Academies' publication, Rising Above the Gathering Storm (Committee on Science, Engineering, and Public Policy, 2006), indicates the critical importance of science and mathematics in contributing to prosperity. High quality teachers are essential to achieving this vision, necessitating high quality PD. This national situation is reminiscent of the post-Sputnik era, when large federal investments were made to improve science and mathematics education in the U.S. This time around we need to consider carefully how to best use our resources to reach our goals. Collaboration at the state-wide level across groups with responsibility for PD-state agencies, institutions of higher education, professional organizations, and school districts-is essential. This collaboration must begin with recognizing the PD experiences, needs, and expectations of science and mathematics teachers in order to design effective PD learning environments for teachers.
